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Introduction
With the development of multi-slice CT, we are now able to obtain high-resolution images within a short time. Workstations used to reconstruct 3-D images have evolved, and we can now acquire high-quality 3-D CT angiography reconstructions. CT angiography has gained widespread acceptance for preoperative evaluation of blood supply, and its accuracy and validity in various settings have been documented (1, 2) . CT angiography is especially useful in preparation for laparoscopic surgery because we cannot touch the organs. In cases of colorectal cancer in particular, reconstructed 3-D angiography and 3-D colonography images can be used for simulation before resection. At our hospital, laparoscopic surgery is generally selected for treatment of colorectal cancer, and we prepare preoperatively by obtaining 3-D CT angiography and CT colonography reconstructions.
Many papers have been published describing the CT angiography-depicted branching pattern of the inferior mesenteric artery (IMA) in patients with rectal cancer and of the ileocecal artery, the right colic artery, and the middle colic artery (MCA) in patients with right-sided colon cancer (3) (4) (5) (6) . There have been, however, few reports of blood supply as it pertains to cancer of the splenic flexure, an entity for which surgery is technically difficult. Hoshino et al. recently classified branching patterns of the IMA with a view toward safe D3 dissection during laparoscopic surgery for both sigmoid and rectal cancers (4) . We routinely use preoperative CT angiography and colonography to assess distribution of the left branch of the MCA and left colic artery (LCA) in patients requiring surgery for cancer at the splenic flexure, sigmoid colon, and/or rectum. Here, we herein report our findings as they pertain to blood supply to the splenic flexure.
Patients and Methods
Between July 2008 and September 2014, 379 patients underwent surgery for colorectal cancer at our hospital. Of these patients, 206 underwent CT angiography and colonography preoperatively. The remaining patients did not for the following reasons: (i) a potential allergic reaction to the contrast medium; (ii) renal dysfunction prevented CT angiography; or (iii) ileus or rectal cancer above the anal canal would prevented insertion of the rectal catheter. For the CT examination, we used a 64-slice scanner (Aquilion 64; Toshiba Medical Systems, Otawara, Japan). The amount of contrast medium was 600-750 mgl/kg body weight, and it was injected over 30-35 s. Arterial phase scanning was started at the celiac artery, with use of a bolus-tracking technique to determine the correct timing ( Figure 1) .
Anatomically, the splenic flexure is the junction of the transverse colon and descending colon. For the purpose of the study, we defined the splenic flexure as the junction of the distal third of the transverse colon and the proximal third of the descending colon. Once the descending colon reaches the level of the iliac crest, it becomes the sigmoid colon (7) . We considered the descending colon as divided into thirds-the proximal third and the distal two-thirds- and we then determined, in each patient, which part of the descending colon the LCA entered. We also considered the transverse colon as divided into thirds-the proximal twothirds and the distal third-and we evaluated which part of the transverse colon the left branch of the MCA entered. The MCA was defined as the first right side branch of the superior mesenteric artery (SMA) and the branch supplying the transverse colon. The right branch of the MCA was defined as the branch running toward the right before reaching the marginal artery, and the left branch of the MCA was defined as the branch running toward the left. An accessory MCA was defined as a branch artery arising separately from the SMA and more proximally than the first jejunal artery, and that supplied the splenic flexure. The LCA was defined as the first branch of the IMA supplying the descending colon or the splenic flexure.
Statistical analysis
Frequencies of the various patterns of blood supply to the splenic flexure were determined, and differences were analyzed by χ 2 test. P < 0.05 was considered significant.
The study was conducted with approval from the St. Marianna University School of Medicine ethics committee (approval number 2061).
Results
We were able to fully visualize the left branch of the MCA and the LCA in 191 of the 206 patients. CT colonography reconstructions were not obtained between the transverse colon and descending colon in three patients because of residual stool. Upon CT angiography, the left branch of the MCA was not contrasted in eight patients, and the LCA was not contrasted in four patients. Therefore, the final study group comprised 110 men and 81 women with a median age of 65.5 years (range, 25-93 years). The LCA entered the proximal third of the descending colon in 100 patients (52.3%) and the distal two-thirds of the descending colon in the remaining 91 (47.6%). The left branch of the MCA entered the proximal two-thirds of the transverse colon in 55 of the 100 patients (28.7%) in whom the LCA entered the proximal third of the descending colon, and it entered the distal third of the transverse colon in 19 of the 100 patients (9.9%). An accessory MCA was recognized in 5 of the 100 patients (2.6%), and the left branch of the MCA was absent in the remaining 21 patients (10.9%). In the 91 patients in whom the LCA entered the distal twothirds of the descending colon, the left branch of the MCA entered the proximal two-thirds of the transverse colon in 37 patients (19.3%) and the distal third of the transverse colon in 34 (17.8%). An accessory MCA was recognized in 8 of these 91 patients (4.1%), and the left branch of the MCA was absent in the remaining 12 (6.2%) ( Table 1) . The left branch of the MCA supplied the proximal twothirds of the transverse colon when the LCA supplied the proximal third of the descending colon in significantly more cases than when the LCA supplied the distal two-thirds of the descending colon (P = 0.0092).
On the basis of these results, we classified blood supply to the splenic flexure by type, described by the feeder vessels as follows: type 1, the LCA (n = 76, 39.7%); type 2, the left branch of the MCA (n = 34, 17.8%); type 3, the LCA and left branch of the MCA (n = 19, 9.9%); type 4, an accessory MCA (n = 8, 4.1%); type 5, the LCA and an accessory MCA (n = 5, 2.6%); and type 6 no direct feeder to the splenic flexure (n = 49, 25.6%) ( Figure 2 , Table 2 ). We classified blood supply to the splenic flexure by its origin from the SMA (i.e. when the feeder vessels were the left branch of the MCA and/or an accessory MCA) or from the IMA (i.e. when the feeder vessel was the LCA). Supply to the splenic flexure originated strictly from the SMA in 42 patients (21.9%) and strictly from the IMA in 76 patients (39.7%). Supply to the splenic flexure originated from both the SMA and IMA in 24 patients (12.5%) ( Table 3 ). In the majority of patients in whom the direct feeder to the splenic flexure originated from the SMA, there was no direct feeder originating from the IMA. This pattern occurred in a statistically significant number of cases (P = 0.0021).
Discussion
As gastroenterological surgeons, we must understanding the blood supply to the splenic flexure, not only before surgery for right-sided colon cancer but also before surgery for sigmoid cancer or rectal cancer. We perform imaging studies to depict as much of the left branch of the MCA as possible and its relation to surrounding structures. In our study patients, a bolus-tracking technique was used to time the start of arterial phase scanning, with the region of interest set to the branch of the celiac artery. The timing was confirmed by the radiographer. This was done in an attempt to obtain arterial phase scans before narrow veins from the transverse colon became visible, but the left branch of the MCA was not depicted before the marginal artery in eight patients (3.8%).
Although the splenic flexure is understood anatomically as the junction of the transverse colon and the descending colon, its blood supply has not been clearly described to date. It is for this reason that we, on the basis of the anatomy literature (8,9), named appropriate boundaries within which to identify the blood supply of the splenic flexure by describing the flexure as the junction of the distal third of the transverse colon and the proximal third of the descending colon. Previous reports describing blood supply to the splenic flexure have specified the LCA in 85%-89% of cases and the MCA in 11%-15% of cases (9,10). To understand blood supply to the splenic flexure in detail, we classified the blood supply patterns that we observed in a large group of patients into six types based on the feeder vessels. In some patients, either the SMA-derived vessels or IMA-derived vessels supplied the splenic flexure; in other patients, both the SMA-and IMA-derived vessels were involved; and in the remaining patients, neither of these vessel systems was involved. When neither the LCA Figure 2 Blood supply to the splenic flexure. Blood supply to the splenic flexure A Fukuoka et al.
nor the left branch of the MCA supplied the splenic flexure (type 6), we considered the blood supply to be provided by the marginal artery. Non-existence of the MCA has been documented in 5%-22% of patients (11, 12) , and our 10% non-existence rate (19 cases) fell within this range. The MCA branched from the IMA in one patient (0.5%), a pattern reported in 1.8%-5.0% of patients (13) (14) (15) ). An accessory MCA has been reported in 5%-8% of Western patients but in 49.2% of Japanese patients (16) (17) (18) . These percentages differ markedly, and it is quite interesting that the prevalence among our study patients (6.8%) was quite close to that reported in Western patients.
We found in our study group that when an accessory MCA existed, the left branch of the MCA entered the proximal two-thirds of the transverse colon in all cases and was not involved in the blood supply to the splenic flexure. When an accessory MCA existed, we classified blood supply as "other." As defined by the Japanese Classification of Colorectal Carcinoma (7), a tumor's feeder vessels are vessels that exist within 10 cm of the edge of the tumor. The colonic segment resected is generally within 5-10 cm of the feeder vessel, and the lymph nodes that exist as far as the root of the feeder vessel(s) are considered regional lymph nodes (7). The regional lymph nodes to be dissected vary depending on the feeder vessel(s) that we find when we are performing D3 lymph node dissection for cancer of the splenic flexure. The blood supply to the splenic flexure was provided by the LCA and the left branch of the MCA (type 3) or by an accessory MCA and the LCA (type 4). When both types of vessels exist within 10 cm of the tumor, both are considered feeder vessels. The approach to regional lymph node dissection around vessels that originate from the SMA differs from that around vessels that originate from the IMA. When the feeder vessel is the LCA (in cases of type 1, 3, or 4 blood supply), we need to dissect the lymph nodes around the origin of the IMA and resect the LCA at its root. We do this by spreading out the sigmoid mesocolon. We mobilize the descending colon after resecting the LCA, and we open the omental bursa and mobilize the splenic flexure. When the feeder vessel is the left branch of the MCA (in cases of either type 2 or 3 blood supply), we need to dissect the lymph nodes around the root of the MCA and resect the left branch of MCA at its root. We do this by spreading out the transverse mesocolon. We mobilize the descending colon before resecting the LCA. When the feeder vessel is an accessory MCA (in either type 4 or 5 blood supply), lymph node dissection and resection of the root of the accessory MCA are necessary. The accessory MCA branches off the SMA, runs behind the pancreas, and enters the transverse mesocolon at the inferior edge of the pancreas. Lymph node dissection and resection of the root of the accessory MCA are delicate procedures that require us to flip the pancreas (19) . When two feeder vessels exist (in the case of either type 3 or 4 blood supply), we dissect the lymph nodes around the root of each artery and resect each artery at its root.
In cases of type 6 blood supply, we consider a tumor's feeder vessel to be either the LCA or the left branch of the MCA (i.e. the vessel that exists near the edge of the tumor). We dissect the lymph nodes and resect the root of the feeder artery in such cases.
It is very important that we understand the feeder vessels of the tumor preoperatively so that we can perform proper and safe lymph node dissection. Cancer of the splenic flexure is rare, accounting for only 2%-5% of all colon cancers, but it has a high risk of obstruction and distant metastasis (8, 20, 21) . The entity is not often curatively resectable, and the prognosis is generally poor (20, 21) . However, in cases in which resection is performed with a curative intent, outcomes are similar to those of curative resection performed for colon cancers at other sites (20) .
The membrane structure of the splenic flexure is complex. The anatomical challenge and the variation in feeder vessels supplying the splenic flexure make the surgical technique used in this region relatively difficult. There are institutions that do not have the capability of reconstruction CT angiography. However, proper and safe surgery can be performed at these institutions if surgeons can comprehend the anatomical details, especially the overall variations in blood supply to the splenic flexure, and apply that understanding when evaluating their cases preoperatively.
It is important to clearly understand the blood supply to the splenic flexure before surgery for rectal cancer as well. In D3 lymph node dissection, we need to dissect the lymph nodes at the end of the IMA. Whether we should ligate the IMA high or low during low anterior resection is controversial. High ligation of the IMA is beneficial in that allows for en bloc dissection of the node metastases around the origin of the IMA, and it is reported to contribute to improved node retrieval rate (22) . High ligation of the IMA also allows for anastomosis without tension. Absence of a significant difference in anastomotic leakage between high ligation and low ligation of the IMA has been reported (22) (23) (24) . However, when we perform high ligation, we must carefully check the blood flow on the oral side of the anastomosis in cases of type 1 and 6 blood supply because there are no direct feeder vessels to the splenic flexure after resection of the IMA.
We detected the arc of Riolan in only one patient, and that patient had a type 3 blood supply. This artery is rare, having been documented in only 3.2% of Japanese patients (13) . In cases in which the arc of Riolan exists, the blood flow decreases after IMA ligation, but there is no significant difference in blood flow on the oral side after anastomosis (25) . We do not believe the existence or non-existence of the arc of Riolan to be of clinical consequence.
We used preoperative CT angiography and CT colonography to assess distribution of the left branch of the MCA and the LCA, and we reported our findings as they pertain to blood supply to the splenic flexure. We classified blood supply to the splenic flexure into six types based on the feeder vessels: type 1, the LCA (n = 76, 39.7%); type 2, the left branch of the MCA (n = 34, 17.8%); type 3, the LCA and the left branch of the MCA (n = 19, 9.9%); type 4, an accessory LCA (n = 8, 4.1%); type 5, the LCA and an accessory LCA (n = 5, 2.6%); and type 6, the marginal artery (n = 49, 25.6%). We found that it is important to understand the variation in blood supply to the splenic flexure before surgery for cancer at the splenic flexure, sigmoid colon, or rectal colon, especially to ensure proper and safe bowl resection and lymph node dissection.
